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whether certain morphological characteristics determine rupture of TCFA and subsequently result in ACS.Methods We analyzed 126 plaques (RCP ¼ 49, RNCP ¼ 19, TCFA ¼ 58) from 82 ACS patients using optical coherence
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narrowing result in ACS. (J Am Coll Cardiol 2014;63:2209–16) ª 2014 by the American College of Cardiology
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2210lumen area. Both in vivo imaging
studies and autopsy studies (4,5)
have reported that nonruptured
TCFA and multiple ruptured pla-
ques are simultaneously found
in ACS patients and sudden
cardiac death cases (2). However,
in vivo data on morphological
features, which determine rupture
of TCFA and subsequent ACS,
is limited due to lack of diagnos-
tic modalities. Optical coherence
tomography (OCT) has been
widely used for coronary plaque
characterization (4,6) including
detection of TCFA and plaque
rupture (6,7). Intravascular ultra-
sound (IVUS) is another in-
travascular imaging modality,
which has been used to measure
lumen area, plaque burden, and
vascular remodeling (3,8). In this
study, we aimed to analyze OCT
and IVUS images of all 3 major
epicardial arteries in ACS pa-tients, and compare the morphological characteristics
between ruptured culprit plaque (RCP), ruptured non-
culprit plaque (RNCP), and nonruptured TCFA. In
addition, we also evaluated the optimal cutoff values of
plaque characteristics for differentiating these 3 types of
plaques.Methods
Study population. Consecutive ACS patients who un-
derwent both OCT and IVUS examinations of all 3 cor-
onary arteries between January 2010 and October 2012
were included in the analysis. All OCT and IVUS images
were digitally stored and submitted to the Massachusetts
General Hospital OCT core laboratory for analysis. Pa-
tients included ST-segment elevation myocardial infarc-
tion (STEMI), non-STEMI, and unstable angina. STEMI
was deﬁned as continuous chest pain that lasted >30 min,
arrival at the hospital within 12 h from the onset of
symptoms, ST-segment elevation >0.1 mV in 2 con-
tiguous leads, or new left bundle branch block on the
12-lead electrocardiogram (ECG), and elevated cardiac
markers (creatine kinase-myocardial band or troponin T/I).
Non-STEMI was deﬁned as ischemic symptoms in the
absence of ST-segment elevation on ECG with elevated
cardiac markers. Unstable angina was deﬁned as angina at
rest, accelerated angina, or new onset angina. The culprit
lesion was identiﬁed by the combination of left ventricular
wall motion abnormalities, ECG ﬁndings, and angio-
graphic lesion morphology. Ninety-ﬁve ACS patients un-
derwent both OCT and IVUS examinations of all 3 majorepicardial coronary arteries during the same procedure.
From these patients, 13 patients were excluded: suboptimal
OCT (n ¼ 2) or IVUS (n ¼ 3) image quality, unsuccessful
OCT or IVUS pullbacks (3), and no clearly identiﬁed
RCP, RNCP, or TCFA (5). Finally, 82 patients were
included in this study.
This study was performed in accordance with the Dec-
laration of Helsinki with regard to investigation in humans
and the study protocol was approved by the ethics commit-
tee of the Second Afﬁliated Hospital of Harbin Medical
University (Harbin, China), and all patients provided writ-
ten informed consent.
Acquisition of IVUS and OCT images. Aspirin (200
mg), clopidogrel (300 mg), and heparin (100 U/kg) were
administered before cardiac catheterization. IVUS and OCT
examinations were performed in patients with Thrombolysis
in Myocardial Infarction ﬂow grade 3. IVUS examinations
were performed using the 40 MHz Atlantis Pro catheter
(Boston Scientiﬁc) after intracoronary administration of 100
to 200 mg nitroglycerin. An IVUS catheter was inserted into
the coronary artery through a 6- to 7-F coronary guiding
catheter over a 0.014-inch guidewire. The transducer was
pulled back automatically at 0.5 mm/s. After the IVUS
procedure, time-domain OCT (M2/M3 Cardiology Imag-
ing System, St. Jude Medical, Westford, Massachusetts) was
performed as previously described (9,10). The IVUS and
OCT imaging were performed in all 3 coronary arteries.
OCT analysis. OCT images were analyzed using pro-
prietary software (LightLab Imaging, Inc., Westford,
Massachusetts) at the MGH OCT core laboratory by 2
experienced investigators. Plaques were classiﬁed into 2
categories: 1) ﬁbrous plaque (homogeneous high signal
region); or 2) lipid plaque (low signal region with diffuse
border) (6,9,11). Identiﬁcation of 2 separate plaques in the
same vessel required a 5 mm reference segment between
them; if not, they were considered 1 long lesion (8,12). If
the nonculprit lesion was lipid plaque, lipid arc was
measured at every 1 mm interval throughout the entire lesion
(9), and ﬁbrous cap thickness (FCT) was measured at its
thinnest part 3 times and the average value was calculated. A
TCFA was deﬁned as a lipid-rich plaque (maximum lipid
arc >90) with ﬁbrous cap <65 mm (Fig. 1A) (4,6).
On the basis of the plaque morphology, ruptured plaque
was deﬁned as a lipid plaque with ﬁbrous cap discontinuity
and cavity formation inside the plaque (Fig. 1B) (6,7,13–15).
Ruptured plaque was divided into RCP group and RNCP
group. In ruptured plaque, FCT was measured at the
thinnest part of the remnant ﬁbrous cap (10,16). The
minimum FCT values from each OCT image were used for
analysis. Lipid arc was also evaluated as described previously.
Lipid length was measured on the longitudinal view (9).
A microvessel was deﬁned as a black hole with a diameter
of 50 to 300 mm within a plaque that was present on at
least 3 consecutive frames (Fig. 1C) (6,9,10). Macrophage
accumulation on the OCT images was deﬁned as in-
creased signal intensity within the plaque, accompanied by
Figure 1 Representative Optical Coherence Tomography Images
(A) Thin-cap ﬁbroatheroma (yellow arrows) was deﬁned as a plaque with ﬁbrous cap <65 mm overlying a lipid-rich plaque (maximum lipid arc >90). (B) Ruptured plaque was
deﬁned as a plaque with ﬁbrous cap discontinuity (red arrows) and cavity formation (red asterisk) inside the plaque. (C) Microchannels are observed as black holes within a
plaque (white arrows). (D) Macrophage accumulations are shown as bright spots with high signal variances (yellow arrowheads). (E) Cholesterol crystals were deﬁned as thin,
linear regions of high intensity within the plaque (red arrowheads). (F) Thrombus was deﬁned as an irregular mass protruding into the lumen that had a dimension 250 mm
(white arrowheads).
Figure 2 Summary of Lesion Diagnosis
A total of 266 lesions were identiﬁed in 82 patients with acute coronary syndromes
(ACS). Forty-nine ruptured culprit plaques (RCP) were identiﬁed from 82 culprit
lesions. Among 184 nonculprit lesions, 19 lesions were ruptured nonculprit
plaques (RNCP) and 58 nonruptured thin-cap ﬁbroatheroma (TCFA).
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2211heterogeneous backward shadows (Fig. 1D). Presence of
cholesterol crystals was deﬁned by the presence of linear and
highly reﬂecting structures within the plaques (Fig. 1E) (6,9).
Calciﬁcation was also recorded when an area with low
backscatter and a sharp border was identiﬁed inside a pla-
que (6,9,10). Thrombus was deﬁned as an irregular mass
protruding into the lumen that had a measured dimension
250 mm (Fig. 1F).
IVUS analysis. For each plaque, the corresponding IVUS
images were selected using ﬁduciary points such as side
branches, calciﬁcations, and/or stents. IVUS image analysis
was performed at an independent core laboratory at the
MGH. All IVUS images were analyzed using a semi-
automatic software (EchoPlaque, Indec Systems, Mountain
View, California) by 2 independent reviewers (17,18). When
there was discordance between the observers, a consensus
reading was obtained.
Quantitative IVUS measurements included the external
elastic membrane (EEM), lumen cross-sectional area
(CSA), and the plaque plus media (PþM) CSA. The plaque
burden was calculated as the PþM CSA divided by the
lesion EEM CSA multiplied by 100. The reference was the
image frame showing the largest lumen within 10 mm
proximal and distal from the target lesions. The remodeling
index was calculated as the EEM CSA at the minimal
lumen area site divided by the average of the proximal and
distal reference EEM CSA.Quantitative coronary angiography. Coronary angio-
grams were analyzed using ofﬂine software (CAAS 5.10.1,
Pie Medical Imaging BV, Maastricht, the Netherlands).
Reference diameter, minimum lumen diameter, and diam-
eter stenosis were determined after calibration using the tip
of the catheter.
Statistical analysis. Statistical analysis was performed
with SPSS version 17.0 (SPSS, Chicago, Illinois) and
MedCalc version 12.7 (MedCalc Software, Mariakerke,
Table 1 Patient Characteristics
Included Patients
(n ¼ 82)
Excluded Patients
(n ¼ 13) p Value
Age, yrs 55.6  9.4 55.5  11.3 0.716
Male 49 (60) 11 (85) 0.123
Smoking 38 (46) 8 (62) 0.308
Diabetes mellitus 42 (51) 5 (39) 0.393
Hypertension 41 (50) 5 (39) 0.439
Hyperlipidemia 46 (56) 3 (23) 0.027
Clinical presentation
STEMI 11 (13) 3 (23) 0.361
NSTE-ACS 71 (87) 10 (77)
Laboratory ﬁndings
TC, mg/dl 196  55 169  43 0.099
HDL-C, mg/dl 52  20 45  7.5 0.282
LDL-C, mg/dl 99  34 94  29 0.678
TG, mg/dl 177 (120, 247) 221 (168, 318) 0.105
HbA1c, % 6.9  1.8 6.5  1.7 0.495
hs-CRP, mg/dl 0.27 (0.10, 0.57) 0.14 (0.04, 2.06) 0.376
Values are mean  SD, n (%), or median (25th, 75th percentile).
HbA1c ¼ glycated hemoglobin; HDL-C ¼ high-density lipoprotein cholesterol; hs-CRP ¼ high-
sensitivity C-reactive protein; LDL-C ¼ low-density lipoprotein cholesterol; NSTE-ACS ¼ non–
ST-segment elevation acute coronary syndromes; STEMI ¼ ST-segment elevation myocardial
infarction; TC ¼ total cholesterol; TG ¼ triglycerides.
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2212Belgium). Categorical data were presented as counts
(proportions) and were compared using either a chi-square
test or Fisher exact test. Continuous variables were tested
for normal distribution by the nonparametric 1-sample
Kolmogorov-Smirnov test. Continuous variables were ex-
pressed as mean  SD for normally distributed variables
and as median (25, 75th percentiles) for non-normally
distributed variables, and compared by use of the inde-
pendent sample Student t test or Mann-Whitney U test,
when appropriate. In order to take into account the
within-subject correlation due to multiple lesions analyzed
within the same patient, comparisons of morphological
characteristics between RCP, RNCP, and TCFA were
carried out by means of the Generalized Estimating
Equations approach. Bonferroni’s correction for the multi-
ple comparisons among these 3 groups was applied, thus a
p value <0.017 (0.05/3) was considered statistically signif-
icant. Receiver-operating characteristic curve analyses wereTable 2 Angiographic Findings
RCP (n ¼ 49) RNCP (n ¼ 19) TCFA (n ¼
QCA data
MLD, mm 1.08  0.58 1.32  0.74 1.41  0.6
RD, mm 3.51  0.69 3.21  0.66 3.39  0.5
DS, % 72  13 61  16 58  15
Lesion location
LAD 17 (35) 9 (48) 20 (35)
RCA 21 (43) 5 (26) 30 (52)
LCX 11 (22) 5 (26) 8 (14)
Values are mean  SD or n (%). A p value <0.017 was considered signiﬁcant.
DS ¼ diameter stenosis; LAD ¼ left anterior descending coronary artery; LCX ¼ left circumﬂex artery;
coronary artery; RCP ¼ ruptured culprit plaque; RNCP ¼ ruptured nonculprit plaque; RVD ¼ reference vperformed to determine the best cutoff values (using
Youden Index) of morphologic characteristics for discrim-
inating RCP, RNCP, and TCFA, and the areas under the
curve (AUCs) as well as the sensitivities, speciﬁcities, posi-
tive and negative predictive values of the diagnostic test. For
receiver-operating characteristic analyses, a p value <0.05
was considered statistically signiﬁcant.
Results
Two hundred and sixty-six lesions (82 culprit lesions, 184
nonculprit lesions) were identiﬁed in 82 patients (Fig. 2).
Among 82 culprit lesions, 49 RCP (60%) were detected.
Among the 184 nonculprit lesions, 19 RNCP (10%) and 58
TCFA (32%) were identiﬁed. Multiple plaque rupture was
observed in 22% of the patients. Table 1 shows a comparison
of clinical characteristics between the included patients and
the excluded patients. Patients included in this study had
higher prevalence of hyperlipidemia. No patient received
thrombolytic therapy. All patients successfully underwent
OCT and IVUS examinations without any procedural
complications.
Angiographic ﬁndings. The quantitative coronary analysis
data and lesion distribution are listed in Table 2. RCP had
smaller minimum lumen diameter and higher percent
diameter stenosis compared with TCFA (p ¼ 0.008, and
p < 0.001, respectively). There were no signiﬁcant differ-
ences in reference diameter or in distribution of plaques
among the 3 groups.
OCT ﬁndings. The mean length of coronary arteries
imaged by OCT was 91  25 mm in the right coronary
artery, 78  21 mm in the left anterior descending coronary
artery, and 47  17 mm in the left circumﬂex artery.
The OCT ﬁndings are shown in Table 3. Fibrous cap
was thinner in RCP and RNCP, compared with TCFA
(p < 0.001 and p < 0.001, respectively). No difference in
FCT was found between RCP and RNCP. As compared
with TCFA, the lipid arc of RCP was signiﬁcantly larger
(p ¼ 0.005). There were no signiﬁcant differences among
the 3 groups in the incidence of microvessel, macrophage,
calciﬁcation, and cholesterol crystals. Thrombus was58)
p Value
RCP vs. RNCP RCP vs. TCFA RNCP vs. TCFA
1 0.186 0.008 0.655
7 0.049 0.252 0.256
0.036 <0.001 0.685
0.268 0.863 0.357
0.242 0.392 0.063
0.867 0.170 0.236
MLD ¼ minimum lumen diameter; QCA ¼ quantitative coronary angiogram analysis; RCA ¼ right
essel diameter; TCFA ¼ thin-cap ﬁbroatheroma.
Table 3 OCT Findings
RCP (n ¼ 49) RNCP (n ¼ 19) TCFA (n ¼ 58)
p Value
RCP vs. RNCP RCP vs. TCFA RNCP vs. TCFA
FCT, mm 43  11 41  10 56  9 0.276 <0.001 <0.001
Lipid arc,  241  64 214  54 207  63 0.023 0.005 0.581
Lipid length, mm 11.5  5.5 10.5  2.8 10.5  4.9 0.409 0.238 0.778
Microvessel 24 (49) 7 (37) 21 (36) 0.174 0.193 0.986
Macrophage 40 (82) 14 (74) 49 (85) 0.468 0.684 0.258
Calciﬁcation 24 (49) 6 (32) 27 (47) 0.098 0.805 0.273
Cholesterol crystal 19 (39) 5 (26) 14 (24) 0.355 0.122 0.877
Thrombus 38 (78) 12 (63) 0 (0) 0.279 <0.001 <0.001
Values are mean  SD or n (%). A p value <0.017 was considered signiﬁcant.
FCT ¼ ﬁbrous cap thickness; OCT ¼ optical coherence tomography; other abbreviations as in Table 2.
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TCFA (p < 0.001 and p < 0.001, respectively), but no
difference between RCP and RNCP was detected.
IVUS ﬁndings. The mean length of coronary arteries
imaged by IVUS was 84  29 mm in the right coronary
artery, 76  24 mm in the left anterior descending coronary
artery, and 67  18 mm in the left circumﬂex artery.
IVUS ﬁndings are presented in Table 4. EEM CSA at
the proximal and distal reference segments was similar
among the 3 groups. Lumen CSA at the proximal and distal
reference sites was signiﬁcantly smaller in RCP than in
TCFA (p < 0.001 and p < 0.001, respectively). At the
lesion site, lumen CSA was smaller, and PþM CSA and
plaque burden were greater in RCP compared with RNCP
(p ¼ 0.001, p ¼ 0.001, and p < 0.001, respectively) and
TCFA (p < 0.001, p ¼ 0.005, and p < 0.001, respectively).
There were no signiﬁcant differences in lumen CSA, PþM
CSA, and plaque burden between RNCP and TCFA. The
remodeling index was similar among the 3 groups.
Optimal cutoff values of morphological characteristics
to discriminate ruptured plaques (RCPDRNCP) from
TCFA. The AUCs represented the ability of IVUS
parameters (plaque burden, lumen CSA, and PþM
CSA) and OCT parameter (FCT and lipid arc) toTable 4 IVUS Findings
RCP (n ¼ 49) RNCP (n ¼ 19) TCFA (n
Proximal reference segment
EEM CSA, mm2 13.0  4.2 12.3  4.4 13.7 
Lumen CSA, mm2 6.5  2.3 7.2  3.3 8.8 
Distal reference segment
EEM CSA, mm2 9.1  3.2 9.2  4.1 10.6 
Lumen CSA, mm2 5.5  2.0 6.0  3.5 7.8 
Lesion segment
EEM CSA, mm2 12.8  3.5 12.6  4.6 13.9 
Lumen CSA, mm2 2.1  0.9 4.6  2.3 5.1 
PþM CSA, mm2 10.8  3.3 8.0  2.8 8.9 
Plaque burden, % 82  7.2 64  7.2 62 
Remodeling index 1.18  0.12 1.18  0.13 1.15 
Values are mean  SD. A p value <0.017 was considered signiﬁcant.
CSA ¼ cross-sectional area; EEM ¼ external elastic membrane; PþM ¼ plaque plus media; other abbdifferentiate ruptured plaque and TCFA (Fig. 3). The best
cutoff values to classify ruptured plaques were >72% for
plaque burden, <3.7 mm2 for lumen area, >7.2 mm2 for
PþM CSA, <52 mm for FCT, and >197 for lipid arc
(Table 5). Sensitivities, speciﬁcities, positive predictive
values, and negative predictive values for each parameter at
the optimal cutoff values are shown in Table 5. OCT-
derived FCT had the highest predictive value for
ruptured plaque (AUC ¼ 0.857, p < 0.001).
Optimal cutoff values of morphological characteristics
to discriminate RCP from RNCP and TCFA. The
AUCs are shown in Figure 4. The best cutoff values
to classify RCP were >76% for plaque burden, <2.6 mm2
for lumen area, >12 mm2 for PþM CSA, <38 mm for
FCT, and >247 for lipid arc (Table 6). IVUS-derived
plaque burden had the highest predictive value for RCP
(AUC ¼ 0.903, p < 0.001), followed by IVUS-derived
lumen CSA (AUC ¼ 0.857, p < 0.001).Discussion
To the best of our knowledge, this is the ﬁrst in vivo 3-vessel
combined OCT and IVUS study investigating plaque
characteristics of RCP in comparison with RNCP and¼ 58)
p Value
RCP vs. RNCP RCP vs. TCFA RNCP vs. TCFA
5.4 0.537 0.432 0.167
4.0 0.419 <0.001 0.069
3.4 0.959 0.039 0.027
3.2 0.550 <0.001 0.190
5.2 0.829 0.154 0.219
2.7 0.001 <0.001 0.423
3.6 0.001 0.005 0.233
12.5 <0.001 <0.001 0.795
0.14 0.897 0.310 0.528
reviations as in Table 2.
Figure 3
ROC Curves of Plaque Characteristics for Differenti-
ating Ruptured Plaque (RCPþRNCP) From TCFA
Receiver-operating characteristic (ROC) curves are plotted with sensitivity on
the y-axis and 100speciﬁcity on the x-axis. Note that areas under the curve
(AUCs) show that optical coherence tomography (OCT)–derived ﬁbrous cap thick-
ness (FCT) was the best parameter for classifying ruptured plaque. H0: AUC ¼ 0.5.
An AUC of 0.5 would imply equality between true positive and false positive test
results. A p value <0.05 was considered signiﬁcant. CSA ¼ cross-sectional area;
PþM ¼ plaque plus media; RCP ¼ ruptured culprit plaque; RNCP ¼ ruptured
nonculprit plaque; TCFA ¼ thin-cap ﬁbroatheroma.
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2214TCFA. RCP have larger plaque burden and smaller lumen
area, when compared with RNCP and TCFA. Morphologic
plaque features were not signiﬁcantly different between
RNCP and TCFA except for a thinner FCT observed in
RNCP. The OCT-derived FCT <52 mm had good per-
formance in discriminating ruptured plaque from non-
ruptured TCFA, and IVUS-derived plaque burden >76%
and lumen area <2.6 mm2 had good performance in
discriminating RCP from RNCP and TCFA.
Vulnerable plaque to rupture. Plaque rupture is the cause
of ACS in the majority of patients. Plaque rupture is an
essential condition that exposes tissue factor and collagen
resulting in thrombus formation. Several plaque character-
istics play pivotal roles in determining plaque vulnerability
(5,16,19). Among them, FCT appears to be one of the most
important determinants of plaque rupture (1,2,5,16,19) andTable 5 Best Cutoff Values of Plaque Characteristics for Differentiat
Cutoff YI Sensitivi
IVUS parameters
Plaque burden >72% 0.46 79 (63–8
Lumen CSA <3.7 mm2 0.48 79 (68–8
PþM CSA >7.2 mm2 0.20 78 (66–8
OCT parameters
FCT <52 mm 0.64 87 (76–9
Lipid arc >197 0.22 78 (66–8
Values are % (95% CI).
CI ¼ conﬁdence interval; CSA ¼ cross-sectional area; NPV ¼ negative predictive value; PþM ¼ plaqueTCFA is recognized as a precursor lesion for plaque rupture.
In this study, FCT is a critical morphological discriminator
between ruptured plaque and TCFA, suggesting that ﬁbrous
cap overlying lipid plaque should reach a critical level before
rupture. Recently, Narula et al. (12) have demonstrated that
the mean FCT of ruptured plaques was 30 mm and the best
cutoff value to differentiate ruptured plaque from TCFA was
54 mm. For the culprit lesion, the studies by Kubo et al. (14)
and Ozaki et al. (15) reported that the average values of FCT
of RCP measured by OCT were 49 mm and 45 mm,
respectively. In agreement with these reports, the FCT was
43 mm in RCP and 41 mm in RNCP in our study.
Ruptured plaque to clinical events. Plaque rupture does
not always lead to clinical events (17). Consistent with
previous studies (8,17,20), silent plaque rupture was found in
10% of nonculprit lesions and multiple plaque rupture was
observed in 22% of ACS patients in the present study. In
this study, we found that IVUS–derived lumen area and
plaque burden had good performance in discriminating
RCP from RNCP and TCFA, suggesting that pre-existing
large plaque burden and severe lumen narrowing appears to
be important for development of clinical events, when a
plaque ruptures. The relationship between lumen narrowing
and the risk of ACS remain unsettled. Obviously, our evi-
dences are in contrast to the widespread belief that most
culprit lesions resulting in ACS occur in plaques with mild
lumen narrowing, which has been driven by some studies
(21,22). Notably, the time intervals between the baseline
angiogram and the onset of ACS were long; up to 7 years in
some of the studies (21,22). It was conceivable that plaque
might have undergone signiﬁcant morphological changes
during this period. Even during short periods, an atheroma
may rapidly progress because of intraplaque hemorrhage
(5) and/or organization of mural thrombi (23–25). A recent
histological study has reported that most ruptured plaque
had >75% CSA stenosis and most TCFA had <75% CSA
stenosis (12). Thrombosis following plaque rupture with
mild stenosis and large lumen is unlikely to form occlusive
thrombus and result in acute myocardial infarction (26,27).
Recently, increasing in vivo evidences have demonstrated
that the culprit stenotic severity of most ACS cases was more
than 50% (28,29). Different underlying mechanisms of
ACS depend on various combinations of systemic factors
and local plaque characteristics. In patients with someing Ruptured Plaque (RCP and RNCP) From TCFA
ty Speciﬁcity PPV NPV
5) 71 (51–76) 75 (63–85) 71 (57–82)
8) 69 (56–81) 75 (63–85) 74 (60–85)
7) 41 (29–55) 61 (50–71) 62 (43–76)
4) 78 (65–88) 82 (71–90) 83 (71–92)
7) 44 (31–57) 62 (51–73) 63 (46–77)
plus media; PPV ¼ positive predictive value; YI ¼ Youden Index; other abbreviations as in Table 2.
Figure 4
ROC Curves of Plaque Characteristics for
Differentiating RCP From RNCP and TCFA
Intravascular ultrasound (IVUS)–derived plaque burden was the most sensitive and
speciﬁc parameter for classifying RCP. IVUS-derived lumen area also had good
performance in discriminating RCP from RNCP and TCFA. Abbreviations as in
Figure 3.
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2215speciﬁc systemic factors such as increased systemic inﬂam-
mation (13), hypercoagulability, and activation of sympa-
thetic nervous system (30), ACS can occur at normal or
nonobstructive site according to spasm or plaque erosion
(13,30). However, Manoharan et al. (28) demonstrated that
only 10% of lesions in patients with acute myocardial infarc-
tion had angiographic diameter stenosis <50% after suc-
cessful aspiration of thrombus. During the 3-year follow-up,
Stone et al. (3) found that only 5% of all TCFAs resulted
in clinical events, whereas approximately 18% of TCFA
with plaque burden 70% and lumen area 4.0 mm2
resulted in adverse clinical events. Consistent with the
PROSPECT study, the present study has also demon-
strated that pre-existing large plaque burden and lumen
narrowing are important for development of clinical car-
diac events.
Notably, the current study has demonstrated that the
RCP have larger plaque burden than the RNCP andTable 6 Best Cutoff Values of Plaque Characteristics for Differentiat
Cutoff YI Sensitivi
IVUS parameters
Plaque burden >76% 0.72 84 (70–9
Lumen CSA <2.6 mm2 0.64 84 (70–9
PþM CSA >12 mm2 0.33 45 (31–6
OCT parameters
FCT <38 mm 0.44 45 (31–6
Lipid arc >247 0.28 47 (33–6
Values are % (95% CI).
CI ¼ conﬁdence interval; CSA ¼ cross-sectional area; NPV ¼ negative predictive value; PþM ¼ plaqueTCFA, but there is no signiﬁcant difference in remod-
eling index. It seems logical to propose that vulnerable
plaque may undergo a relative acute-phase growth and
fail to expand further outward before becoming a culprit.
The large plaque burden without enough compensatory
enlargements can cause further narrowing of the lumen.
In this situation, plaque rupture with subsequent
thrombus formation is more likely to restrict blood ﬂow to
the heart muscle and ischemia is most likely to occur.
Conversely, ruptured plaques with larger lumen area may
remain asymptomatic and possibly enter rupture-healing
cycles (23).
Study limitations. First, this study aimed to investigate
the possible morphological changes before TCFA becomes
a ruptured plaque or culprit lesion. Therefore, our results
cannot be generalized to plaque erosion or calciﬁed nodules
as an underlying pathology of ACS. Second, it is not a
prospective study with longitudinal follow-up. A natural
history study will require a large number of patients with
systematic follow-up. Third, the decision to perform pre-
intervention 3-vessel IVUS and OCT was at the discre-
tion of the operator. Therefore, there was obvious selection
bias. Fourth, although OCT is widely used to investigate
plaque characteristics including TCFA (4,6), the deﬁnition
of OCT-derived TCFA is somewhat different from the
deﬁnition of TCFA used in the pathologic studies due to the
inability of OCT to determine the area of the necrotic core.
Fifth, distal segments of the coronary arteries were not
evaluated. Sixth, the FCT in residual ﬁbrous ﬂap fragments
may be thicker than the true thickness of the ﬁbrous cap
prior to rupture. It is possible that the FCT cutoff value for
differentiating ruptured plaque from TCFA may be less than
52 mm. Seventh, although the deﬁnition of macrophages
inﬁltration has been widely used in previously published
OCT studies, this deﬁnition has not been validated and
therefore the results should be interpreted with caution
(6,31). Eighth, plaques with large amounts of thrombus or
severe calciﬁcation were excluded because of difﬁcult inter-
pretation of OCT and IVUS images. This may have added
additional selection bias. In addition, the incidence of
thrombus overlying RNCP might have been over estimated
due to limited ability of OCT to discriminate fresh
thrombus from organized thrombus or protruding tissueing RCP From RNCP and TCFA
ty Speciﬁcity PPV NPV
3) 88 (79–95) 82 (69–91) 90 (80–95)
3) 81 (70–89) 73 (60–84) 89 (79–95)
0) 87 (77–94) 71 (52–86) 72 (61–80)
0) 88 (79–95) 71 (52–86) 72 (61–80)
1) 80 (70–89) 61 (43–76) 70 (59–80)
plus media; PPV ¼ positive predictive value; YI ¼ Youden Index; other abbreviations as in Table 2.
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2216with lipid components (6,7). Finally, the number of cases
with RNCP was small.
Conclusions
The OCT-derived FCT was the best discriminator be-
tween ruptured plaque and nonruptured TCFA. On the
other hand, IVUS-derived plaque burden and lumen area
had good performance in discriminating RCP from RNCP
and TCFA. These ﬁndings suggest that lumen narrowing is
conditio sine qua non for development of acute coronary
event. Future prospective in vivo studies are required to
validate the ﬁndings in this study.Acknowledgments
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